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CHAPTER 1
INTRODUCTION
BACKGROUND

District engineers throughout the State of Washington (and all
other northern states) are faced with the recurring problem of weakened
pavement structures during spring thaw. One option available to reduce
the pavement deterioration which can occur during this time period is
load restrictions for truck traffic. When such restrictions are used,
several questions arise such as:

1. Which pavement sections require load restrictions?

2. Are the present load restrictions adequate?

(a) How much damage do the current load restrictions preclude?
(b) How do the current load restrictions relate to enforcement
polices?
(c) If the current load restrictions are inadequate, what
restrictions should be used?
(i) Fixed (or constant) tire or axle loads?
(ii) variable tire or axle loads?
(iii) Should tire pressures be considered?

3. When should load restrictions be applied and removed?

Two load restriction levels are currently in use by the Washington
State Department of Transportation (WSDOT), emergency and severe
emergency (refer to Tables 1 and 2, respectively). These Toad
restrictions are based on an allowable maximum load per tire for a given
tire size. There have been suggestions within WSDOT to change the 1load
restrictions from tire sizes to axle weights as used by other states
(such as Minnesota, Nebraska, and Alaska). The original WSDOT load
restrictions were published in 1952. No significant revisions have been
made except for the addition in 1957 of tubeless tire sizes and their
corresponding restrictions.

To begin to address some of the above questions, the initial study
effort included discussions by the research team with the central
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EMERGENCY
LOAD RESTRICGTIONS

CONVENTIONAL TIRES TUBELESS OR SPECIAL
WITH .5 MARKING

SIZE GROSS LOAD SIZE GROSS LOAD
TIRE WIDTH EACH TIRE TIRE WIDTH EACH TIRE

(00 1800. 8225 2250.
(50 2230. 9225 2800.
820 2800. 10225 3400.
900 3400. [l-225 4000..
000 4000.. [I245 4000.
100 4500. 12225 4300.
200* 4500 .  [2-245* 4500.

% OR OVER

WASHINGTON STATE HIGHWAY COMMISSION
DEPARTMENT OF HIGHWAYS

ev. 10-1-57



Table 2. Current WSDOT Severe Emer gency

SE ERE
EMERGENCY

LOAD RESTRIGTIONS

CONVENTIONAL TIRES TUBELESS OR SPECIAL
WITH .5 MARKING

SIZE GROSS LOAD SIZE GROSS LOAD
TIRE WIDTH EACH TIRE  TIRE WIDTH EACH TIRE

(00 1800 8225 1800
(30 1800 s 9225 1900
825 1900w 10225 2230
900 2250+ 11225 2790w
000 2750w [1-245 2730
003000 12225 3000

WASHINGTON STATE HIGHWAY GCOMMISSION
Rev, 10-1-§7 DEPARTMENT OF HIGHWAYS
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maintenance office, the Materials Laboratory and District 2. From these
discussions,the following observations were made:

1. Generally, district personnel know where significantly thaw
weakened roads or road sections are located.

2. There is a reluctance to apply load restrictions to known
problem roads or road sections until surface damage is observed
during the spring thawing period. (This suggests that substan-
tial fatigue damage can occur due to questions stemming from
when to apply load restrictions.)

3. Enforcement of load restrictions is a major concern to WSDOT
personnel. Some of these concerns include:

(a) The current load restrictions essentially preclude all
large trucks due in part to steering axle limitations,

(b) No recognition is given to the varying pavement support
conditions during the thaw period (i.e., the load capacity
of a pavement structure varies with time).

In order to determine whether WSDOT should use restrictions based
on tire size or axle weights, and to answer some of the questions posed
above, District 1 conducted a load restriction study in 1980 [1]. The
District 1 recommendation was to gather considerably more data in order
to develop a method for determining when to apply and remove restrictions
and what restrictions should be used.

STUDY OBJECTIVE

The overall objective of this research was to evaluate the effect
of freeze-thaw in pavement layers on pavement structural capacity. More
specifically the objectives were to:

1. Measure the variation of base and subgrade moisture content,
frost depth and location, and pavement deflection (surface and
in situ).

2. Develop procedures to utilize easily obtained data, or
otherwise provide for predicting when load restrictions should
be applied on a given pavement structure.

3. Determine an appropriate load restriction criterion, such as a
nomograph, new table, etc.



To accomplish these objectives, it was necessary to:

1.

Collect data at several test sites, including measurement of:
(a) frost depth using frost tubes;
(b) moisture contents using soil cells;
(c) soil temperature using soil cells;
(d) dynamic deflection basins using the Falling Weight
Deflectometer (FWD);

(e) static deflections using a Benkelman Beam, and
(f) dynamic and static deflections using an extensometer

permanently buried in the pavement structure.
Collect weather data

This data, obtained from NOAA Climatic Reports, or the
WSDOT maintenance offices, was used to calculate freezing
indices, and to estimate depth of freeze using the Modified
Berggren Equation.
Obtain pavement samples

Samples of the base and subgrade materials, and cores of
the asphalt concrete were obtained for laboratory resilient
modulus determination. At the time of sampling, the in situ
density and moisture content of the base and subgrade were
determined.

REPORT ORGANIZATION
The report contains five chapters and a series of appendices.
Chapter 1 is used to provide background information and the study objec-

tives.

Chapter 2 is used to describe, in detail, the field study

(including information on site selection, instrumentation, and data
collected). Chapter 3 is used to discuss the results obtained from the
data collected and Chapter 4 the data analysis. The study's findings,
conclusions and recommendations are presented in Chapter 5.






CHAPTER 1I
FIELD STUDY

SITE SELECTION

District 2 of WSDOT was chosen for the location of all field test
sites. Several criteria were used as a basis for test site selection.
They were:

1. two basic types of pavement sites were selected: those which

did and those which did not exhibit past occurrences of frost
heave in the winter and thaw weakening in the spring.

2. each site should have a different subgrade material, and

3. the pavement should be plowed in the winter to keep it snow

free.

In order to satisfy the above criteria, two trips were made to
District 2 and several sites were examined and documented. After
consideration of all factors, six sites were selected for deflection
testing with four of those sites also instrumented with frost tubes, soil
cells and on two sites, extensometers. The six sites are shown on Figure
1 and listed in Table 3. Each test site was 500 feet (152 m) long and
will be discussed briefly below.

SR 97, MP 183.48 - 184.00
This site, located near the intersection of SR 97 and SR 2, was

selected as a control section. Frost heave problems were not anticipated
as precautions had been taken during recent reconstruction to have
sufficient depth of non-frost susceptible material. In 1982, 0.25 ft
(7.62 cm) of ACP, 0.25 ft (7.62 cm) of crushed surfacing top course
(CSTC) and 0.50 ft (15.24 cm) of ballast were placed over the existing
roadway.

SR 2, MP 117.38 - 117.62 (Sunnyslope)

This is a four lane highway in the Wenatchee area at an elevation
of approximately 1,000 ft. (300 m). The frost heave at this site seems
to be associated with cuts in layered sands and silts. The current
roadway section is badly deteriorated with alligator cracking in the
wheel paths and considerable patching in the areas of worst heave. This
site received major reconstruction during the summer of 1984.

6
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Table 3. Location of Six Sites Selected
for Instrumentation and Testing.

State Route Mileposts .
No. NoS. From To Instrumentation Placed
1 SR 97 183.48 |184.00 2 frost tubes
Northbound 1 moisture tube*
2 SR 2 117.38 | 117.62 2 frost tubes
Eastbound 2 moisture tubes
1 extensometer
3 SR 2 159.60 | 160.00 2 frost tubes
Eastbound 1 moisture tube
4 SR 172 2.00 1.90 FWD testing only
Southbound
5 SR 172 21.40 21.00 FWD testing only
Southbound
6 SR 174 2.30 2.00 2 frost tubes
Eastbound 1 moisture tube
1 extensometer

*Fach moisture tube consisted of four moisture cells




SR 2, MP 159.60 - 160.00
This site is Tocated near Waterville at an approximate elevation of

2,500 ft. (760 m). It is a two lane pavement which was reconstructed
with CSTC and a bituminous surface treatment (BST) in 1982. The pavement
structure consists of BST over approximately nine inches (23 cm) of CSTC
over one to two feet (30 to 61 cm) of fine, stoney, silty sand over
basalt. Moderate frost heave occurs in a small cut area.

SR 172, MP 2.00 - 1.90
This site, located near Waterville, has an approximate elevation of

2,500 ft. (760 m). It is a two lane pavement which consists of approxi-
mately six inches (15 cm) of gravel overlain by BST and seal coats
(applied as needed over the last 30 years).

The frost heaves occur predominantly in small cuts at the summit of
vertical curves where the sandy silt (loess) is only two to three feet
(61 - 91 cm) thick over basalt bedrock. Major patching is evident in the
frost heave areas.

SR 172, MP 21.4 - 21.0

This site, with an approximate elevation of 2,500 ft. (760 m), is
located near Mansfield. The two lane roadway was constructed in 1969
with 1.5 ft. (46 cm) of gravel overlain by a BST. Additional BST's were
placed in 1973 and 1975.

Frost heave at this site seems to be associated with fine, sandy
silt located at the beginning and end of a cut.

SR 174, MP 2.3 - 2.0

Located near Coulee Dam, at an elevation of approximately 2,500 ft.
(760 m), this site consists of about 10 inches (25 cm) of base course
material overlain by 1.7 inches (4.3 cm) of asphalt concrete. A BST was
applied to this section during late summer 1983 with a leveling treatment
applied to fill in the ruts. Frost heave is associated with cuts made in
layered silts. Cross sections of the sites are shown in Figures 2

through 7.

INSTRUMENTATION
A main objective of this study was to measure changes in pavement
strength over an 18 month period. To this end, four of the six sites
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were instrumented, as indicated in Table 3, with frost tubes to measure
depth of freezing, and soil cells to measure subgrade and base course
moisture contents and temperatures. Extensometers were installed at two
sites to measure in situ structural bearing capacity. Paint marks were
also placed on the pavement surface to facilitate repeatable deflection
testing locations.

The University of Washington (UW) manufactured and/or assembled all
instrumentation in the laboratory and the Washington State Department of
Transportation (WSDOT) provided the drill rig and personnel to install
the instrumentation in the field. The frost tubes, moisture sensors and
extensometers were installed during December 1982 in below freezing
temperatures and two feet (0.6 m) of snow cover (1ess than desirable
conditions). Each instrument type is discussed below.

Frost Tubes

Generally it is recognized that if freezing temperatures penetrate
a frost susceptible subgrade, the subsequent spring thaw results in lower
subgrade strength [2].

In the past, frost depths were measured by drilling/digging holes
adjacent to the pavement structure. This method, although accurate, was
both costly and time consuming. Subsequently, starting with WSDOT
District 1, a tube filled with methylene blue dye was constructed and
inserted in the ground. When frozen the dye changed color which indi-
cated the depth of freezing within a reasonable accuracy. The initial
tubes built for this study often cracked due to repeated cycles of
freezing and thawing. The dye then would Teak out and the instrument
would be left unusable. Modifications have since been made to allow for
expansion within the tube when the water inside freezes.

The present frost tube apparatus (shown in Figure 8) consists of an
outer opaque PVC tube with an inner diameter of one inch (2.54 cm) which
is permanently installed in the ground. This outer tube houses the actual
frost tube which is constructed of a rigid, clear polyethylene tube, 7/8
inches (2.2 cm) in outer diameter. Another hollow, flexible tube is
placed within this polyethylene tube to allow for the expansion of the
water upon freezing. The tube is then filled with Ottawa sand saturated
by a 0.1% solution of methylene blue, a fluorecein dye. When thawed,

12
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Figure 8. Schematic of In Situ Frost Tube.
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this mixture is green in color. It changes to a pale, pinkish brown when
frozen. These tubes can easily be read and are relatively inexpensive to
construct.

The tubes were installed two inches (5 cm) below the pavement
surface and along the fog stripe in order to make readings possible
without interrupting traffic.

SoilCells

Soiltest, Inc.,<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>